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Abstract 
In previous research, a route choice behavior model was constructed using trial and error type learning dynamics derived from 
evolutionary game theory. The model can represent the route choice behavior seen in logistics companies, such as the 
consideration of daily variations in travel time and variations in travel time due to traffic accidents, the choice of multiple 
routes, and the changing of route choice behavior based on evaluations of past route choice behavior. After having adopted an 
actual strategy (route choice), the model is such that the strategy is assumed to change according to whether the strategy was 
successful or not. This paper used this model to analyze the effect of actual planned road projects on the route choice behavior 
of logistics companies. Analysis was shown to be possible by using the micro-simulation package VISSIM to estimate the 
change in the average travel time and the standard deviation of the travel time due to road projects, and using the results as the 
input value for the model. Furthermore, by observing the transition in route selectivity, it was possible to understand how route 
selectivity varies and the way in which the selectivity finally converges according to the change in the average travel time and 
in the standard deviation of travel time due to road projects. 
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1. Introduction 
Logistics companies perform route selection considering various matters for the purpose of risk aversion so that 
they may not be late for the expected time of arrival. For example, they have chosen not only a single route but 
multiple courses in consideration of the risk of a daily travel time change or travel time change by a traffic 
accident. 
Many models that estimate route choice behavior are based on effects that reduce the average travel time 
between the origin and destination, and effects that improve punctuality/reliability are frequently not included. A 
model that can analyze actual behavior with consideration of punctuality and reliability is necessary in order to 
contribute to the determination of route choice behavior of logistics companies in response to changes in traffic 
conditions due to road projects etc, and in order to perform a more detailed analysis of behavioral changes of 
logistics companies according to road project. 
In addition, although traffic volume distributions implemented in practice frequently have the categories of 
passenger vehicles, small freight vehicles and standard freight vehicles, freight vehicle traffic volumes estimated 
by freight volume distributions often differ from actually measured traffic volumes. This may be because traffic 
volume distributions are performed by a shortest path search. Presumably the discrepancy arises because in actual 
operation, freight vehicles select a route with consideration of various factors, not simply time alone. This fact 
conceivably has a significant impact on the evaluation of factors on which freight vehicles have a major influence, 
such as the estimation of the effectiveness of measures against NOX and PM concentrations or CO2 emissions. 
Accordingly, research during the last year (Uchiyama & Taniguchi, 2012) gave consideration to changes in time 
and focused on trial and error type learning dynamics derived from evolutionary game theory as a model that can 
determine the selectivity of multiple routes for the purpose of risk aversion and express the actual conditions in 
which route choice is carried out from past experience. A model was constructed in the form of a game between a 
logistics company and a “demon” that causes impediments to routes, and was applied to actual transportation in 
Toyota city, in Aichi Prefecture. 
This model takes travel time, standard deviation and accident probability etc as inputs and facilitates the 
analysis of the impact on route choice according to network changes resulting from varying these inputs. However, 
because a method by which to estimate the change of input values according to road improvements was not 
included in the model, the research of last year (Uchiyama & Taniguchi, 2012) hypothesized virtual situations in 
which the change of travel time varied according to some kind of measure and analyses the effect on route choice. 
But for the purpose of applying the model, it is necessary to include changes in travel time and standard 
deviation according to specific road improvements. Meanwhile, although travel time is predictable in a macro 
transportation model, the standard deviation is not. Accordingly, this analysis focused on a micro-simulation that 
can predict the behavior of each and every vehicle in the model. 
This research used the micro-simulation package VISSIM to estimate the change in average travel time and 
standard deviation according to road improvements. In addition, the results acquired by VISSIM were used to 
estimate changes in route choice behavior in the case where road measures are enacted in the model constructed. 
2. Model 
2.1. Outline of model 
First we will give an outline of the trial and error type learning model constructed in the research of last year. 
This model hypothesizes that the logistics companies that choose the route do so from within n routes, taking into 
account the relationship with a demon that causes impediments to routes. Here, the strategy of the demon was 
considered to be to cause an impediment at random with respect to m links, with the same probability each time. In 
this case, the selectivity of the demon’s strategy is a constant and the selectivity of the logistics company’s strategy 
(choice of route) is calculated by the procedure in the diagram below. 
The convergent value of the strategy is found by implementing the model. There are cases in which the model 
converges on one strategy and cases in which it converges on a share of a given strategy. 
299 Naohiro Uchiyama and Eiichi Taniguchi /  Procedia - Social and Behavioral Sciences  125 ( 2014 )  297 – 311 
Furthermore, the Roth&Erev model (Roth & Erev, 1995), which can be given as a representative model that 
hypothesizes trial and error learning, was adopted in the construction of the model. In the Roth&Erev model, it is 
assumed that players have a “tendencyāto try and adopt a given strategy. When the result of the strategy is good, 
the evaluation of the strategy improves and the “tendency” to try and adopt the strategy is “reinforced.” When the 
result of the strategy is poor, the evaluation deteriorates and the “tendency” to try and adopt the strategy is assumed 
to decrease. 
Furthermore, the following premises were made in the construction of this model.  
1) The “reinforcement” of the “tendency” for the logistics company to select a route is either smaller than that 
of the cost of scheduled running or not.  
2) If it is smaller than that of the cost of scheduled running, then the strength of the “reinforcement” is the same. 
3) “Cost” includes running costs, road tolls, and time costs due to daily changes in travel time and additional 
time resulting from the impediments caused by the demon. 
 
 
Fig. 1.  Model flow 
 
The following section explains the calculation method in the model according to the process as shown in the 
model flow. 
2.2. Configuration of travel time without accidents for each route 
The travel time for route j of time t is found by the average travel time for the route and the standard deviation 
of the travel time. The travel time is hypothesized to follow a normal distribution and is probabilistically calculated 
using the Box–Muller transform. 
 
))(2cos()log(2- 211 uu SK             (1) 
Time required (1-1,000 times) for route j with no accident: Tj(t) 
(Find μ and σ of route j from probe data and generate a normal random number) 
Travel time for route j including additional time due to traffic accident: 
ATjk(t)㺃㺃㺃n (number of routes the logistics company chooses) h m (number of links the 
demon chooses) pattern 
Cost of route j: 
ACjk(t)㺃㺃㺃nhm pattern 
Reinforced value given to the choice of route j:rjk(t) 
Tendency to choose route j at time t+1: pj(t+1) 
Probability of choosing route j at time t+1: Pj(t+1) 
Expected reinforced value in the case of choosing route j: Rj(t) 
Probability the demon causes an accident 
at link k: Pk 
R
epeated calculation 
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))(2sin()log(2- 212 uu SK            (2) 
1K , 2K  : Random numbers with a standard normal distribution 
u1, u2 : Uniform random numbers 
 
An independent normal random number with a normal distribution Tj (mean μj and variance σj) can be 
represented as follows using the independent normal random numbers 1K  and 2K  in the interval (0, 1). 
 
jjj tT PKSKV  ))(2cos()log(2-)( 21          (3) 
Tj(t) : The travel time at time t of route j 
 
jV  :The standard deviation of the travel time of route j  
  
jP  :The average travel time for route j  
 
The average travel time and the standard deviation of the travel time for route ̆ are calculated by the following 
equations. 
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μl : The average travel time for route l 
σl : The standard deviation of route l 
μi : The average travel time for interval i 
σi : The standard deviation of interval i 
COV(Xi, Xl) : The covariance of the travel time for interval i and interval l 
Note : Intervals i and l are for each link of the digital roadmap. 
2.3. Calculation of travel time for each route including additional time resulting from traffic impediments 
The travel time for each route including additional time resulting from traffic impediment is calculated for each 
strategy of the demon. 
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j
 : The travel time at time t of route j including additional time due to traffic impediment in the 
case the demon causes an accident at link k. 
k
j
D   : A dummy variable (if link k is included in route j: 1, if not included: 0) 
ETk  : Additional travel time at link k in the case an accident occurs at link k 
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2.4. Calculation of cost for each route 
The cost for each route is calculated for each demon strategy. 
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, )(tRTj , Dj : The time cost, running cost, road toll and a dummy variable for the travel  
time at time t, strategy j in the case the demon causes an accident at link k. 
α, β    : Parameters (configured respectively according to actual route selectivity). 
j
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TCUj  : Basic unit of time value (64.18 yen/min applied) 
)()( tRCULtRC k
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k
j
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)(tRCU k
j
  : Basic unit of running cost for time t (yen/km; values at each speed of a standard freight vehicle 
applied) 
jL   : Length of route j 
2.5. Calculation of the reinforcement value for each route 
The Roth&Erev model (Roth & Erev, 1995) was used as a representative model that hypothesizes trial and error 
learning. A process of reinforcement and oblivion was adopted and the change of "tendency" to try and adopt a 
given strategy was modeled as follows. 
In the case of hypothesizing the operation of a freight vehicle, it was assumed that the vehicle departs and runs 
such that it does not arrive late according to an established estimate time of arrival (ETA). A significant difference 
between passenger transportation such as automobiles is that in the case of a freight vehicle, an early arrival is not 
important, whereas they must not be later than the ETA. For this reason, in this model, the strategy evaluation 
criterion is configured to be whether the cost is smaller than the time cost and running cost resulting from the 
standard travel time and established in the schedule. That is, a reinforcing value of the equation below is 
established such that the tendency is reinforced in the case it is smaller and not reinforced in the case it is larger. In 
the case of the reinforcing value setting below, routes other than the shortest route are also selected because the 
tendency is reinforced even if they are not the shortest route, so long as the vehicle is not late. This is qualitatively 
in agreement with actual route choice conditions, in which it is not always necessary to use the shortest or lowest 
cost route so long as the vehicle is not late and routes other than the shortest route or lowest cost route are used. 
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j
  : Reinforcement value according to strategy j of time t in the case the demon causes an accident at link k 
TCb, RCb : The time cost and running cost for the travel time when running on schedule 
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2.6. Calculation of the expected reinforcement value for each route 
The expected reinforcement value for each route is calculated by weighting the probability of the demon's 
strategies. 
䌥
1
))()(()(
m
k
k
k
jj
tptrtR
 
u            (13) 
)(tpk  : The probability that the demon will cause a traffic impediment on link k 
 
The probability of traffic impediment was hypothesized to be a constant. This probability was established by the 
traffic accident frequency (accidents/km) for each type of road acquired from statistics. The probability of 
impairment for each link was established by the following equation based on the traffic accident frequency 
according to road type for Aichi Prefecture in the hours of 6:00 to 9:00 for each link. 
 
krk LTAp u             (14) 
kIP  : Impediment probability for link k 
rTA  : Traffic accident frequency for road type r 
kL  : Length of link k 
2.7. Calculation of the tendency at time t+1 
The tendency at time t+1 is calculated by substituting the expected value of the reinforcement value into the 
equation below. The expected value for Player 1, which is an element of the tendency to select route j at time t+1, 
is hypothesized to be given by the payoff of time t. In addition, the reinforcement value is determined as follows. 
 
)()()-1()1( tRtptp jjj   I           (15) 
Pj (t) : The tendency to adopt strategy j at time t 
Rj(t) : The reinforcement given to Pij (t) at time t 
I  : A parameter to express the speed of oblivion (0< I <1) 
2.8. Update of route choice probability 
The probability of selecting route j is calculated according to the tendency toward each route. 
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)1( tPj : The probability of adopting strategy j at time t+1 
Here 1)1(䌥  
j
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3. Analysis of the Effect of Specific Road Projects on Route Choice Behavior 
3.1. Application of a model incorporating the micro-simulation 
An analysis of the effect of each measure on route choice behavior was carried out by using the micro-
simulation to estimate the change in the required time distribution according to each measure and using the 
estimation results as input values for the model. The changes in route choice behavior were estimated for the case 
road measures were implemented in the model applied to Toyota City - Tahara City. 
 
 
Fig. 2. Analytical procedure 
 
This paper used the micro-simulation package VISSIM to estimate the change in average travel time and 
standard deviation according to road improvements. The effect had on route choice by road project planned for 
implementation on the routes was analyzed. The road project considered were the grade separation of Haccho 
intersection, the grade separation of Kyotsugu-nishi intersection, a right-turn lane extension at Miyashita 
intersection and the widening of the road at Toyokawa Bridge to four lanes. The change in the average travel speed 
and standard deviation due to each project was estimated by micro-simulation only in the vicinity of the project. 
Furthermore, the model targets transportation in the period of 7:00 to 10:00 and so the average value for this time 
period was also used for the traffic volume in the micro-simulation. 
3.2. Locations and details of the measures 
The impact that road project planned for implementation at the locations on the figure below will have on the 
route choice of logistics companies was analyzed. 
Route choice model
䠄Evolutionary game theory䠅
Micro-simulation
Distribution of travel time by each 
route (after improvements)
The share of route choice 
(after improvements)
Road improvements
䠄Grade separation, lane increase, extension of 
right-turn lane䠅
Probe data
Distribution of travel 
time by road section 
Current road network
Current traffic volume
Probability of impediments
Distribution of travel 
time by each route
Reproduction 
of traffic 
Condition
Model 
building
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Fig. 3. Locations of road improvements 
 
Table 1.  Road improvements 
Road improvements Details of road improvement 
a. Grade separation of Haccho intersection National Route 248 pass under National Route 1 
b. Grade separation of Kyotsugu-nishi intersection  Prefectural road pass over National Route1 
c. Improvement of Miyashita intersection Extension of right-turn lane of National Route 1  
d. Widening of Toyokawa bridge Widening of road section from Toyokawa bridge north intersection to 
Toyokawa bridge south intersection (upbound: 2 lanes, downbound: 2 
lanes) 
 
 
Fig. 4.  Locations of road improvements 
Widening of 
Toyokawa bridge
Grade separation of 
Kyotsugu-nishi 
intersection 
Improvement of 
Miyashita intersection
Grade 
separation of 
Haccho 
intersection
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2WRKDJDPDJRUL,&
7R\RWDKLJDVKL,&
Route 1䠖 Highway route 
(Toyokawa-Bridge, Kosakai-bypass) 
Route 2䠖 Highway route (Toyokawa Bridge) 
Route 3䠖 Highway route 
(Pass  centre of Toyohashi city) 
Route 4䠖 Highway route 
(Detours Toyokawa-bridge) 
Route 5䠖 Highway route (Toyokawa-bridge) 
Route 6䠖 Motorway route
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3.3. Configuration of simulation 
In order to execute the micro-simulation it is necessary to configure several settings, such as the influx traffic 
volume and method of traffic signal control at the intersection etc. The methods for setting the traffic volume, road 
alignment/intersection type, traffic signal control, and travel time/travel speed data necessary to execute the micro-
simulation are shown below. 
 
3.3.1 Traffic volume 
The traffic volumes for each direction were configured using ordinary traffic volume data from the 2005 Road 
Traffic Census. 
 
Table 2. Traffic volume configuration for each direction (total for 7:00 to 10:00)  
 
Direction 
Traffic volume 
Passenger vehicles Small Tracks Large Tracks 
Haccho intersection  East 3,410 728 939 
West 2,061 594 1,119 
South 2,114 403 272 
North 2,660 684 420 
Kyotsugu-nishi 
intersection  
East 661 126 146 
West 1,236 262 381 
South 2,688 778 1,021 
North 1,978 537 859 
Miyashita intersection  East 1,749 641 561 
West 822 222 300 
South 2,688 778 1,021 
North 1,978 537 859 
Toyokawa bridge  South 1,102 357 967 
North 1,303 497 692 
 
3.3.2 Road alignment/intersection type 
The road alignment and intersection types were created based on aerial photographs. 
 
3.3.3 Traffic signal control data 
The traffic signal cycle data (cycle length, duration of green light for each direction, duration of amber light, 
duration of right-turn, duration of all-red etc) were configured based on the actual signal cycle for the principle 
signaled intersections, and the same signal cycle data as for traffic signals with no right-turn display was used for 
other signaled intersections. 
 
3.3.4 Travel time/travel speed data 
The travel time/travel speed data for reproduction of actual conditions was extracted from probe data. 
Reproduction of actual conditions was carried out for traffic flow on the routes configured in the Toyota-Tahara 
City models. The travel speed for the flow in the direction of the arrows in the figure below was aggregated from 
probe data. 
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Fig. 5.  Direction for confirmation of reproduction of actual conditions 
3.4. Confirmation of reproduction of actual conditions 
The average travel speed acquired from probe data was compared with the travel speed given by the micro-
simulation, and the reproduction of actual conditions was confirmed. Aside from a slight discrepancy in the travel 
speed in the flow moving from the north to the south at Kyotsugu-nishi intersection, the numerical values from the 
simulation were generally close to the travel speed acquired from probe data. 
     
Haccho intersection Kyotsugu-nishi intersection
Miyashita intersection Toyokawa bridge
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    Table 3.  Actual and micro-simulation travel speeds  
Location Direction Actual average travel speed according to probe data (km/h) 
Travel speed according to micro-
simulation (km/h) 
Haccho North → south 12.2 11.0 
Kyotsugu-nishi North → south 18.5 14.2 
Kyotsugu-nishi North → west 12.8 11.0 
Miyashita North → south 16.2 17.7 
Toyokawa bridge North → south 22.8 23.6 
 
  The figures below are reproductions of the details of the measures at the point of implementation in VISSIM. 
The left side is the network representing the present road alignment/intersection types in VISSIM. The point 
indicated in red on the right side is the network reflecting the measure taken on the present road 
alignment/intersection type. 
 
 
Fig. 6. Method of reflecting the hypothesized measure in the micro-simulation (1) 
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Fig. 7. Method of reflecting the hypothesized measure in the micro-simulation (2) 
3.5. Simulation results 
The following shows the change of travel time and the standard deviation with respect to the direction of 
passage in relation to the model at each place. The results at the Haccho intersection is that both the average travel 
time and the standard deviation decrease significantly because grade separation is carried out in the direction of 
travel. The effect for the grade separation of the Kyotsugu-nishi intersection was the next most significant, but still 
much smaller than the result for the Haccho intersection grade separation. Both the Miyashita intersection 
improvements and the measures to increase the Toyokawa bridge road width to four lanes are yet smaller in effect. 
 
Table 4.  Result of micro-simulation 
No. Direction Before /after Distance (m) Average travel time (s) 
Travel speed 
(km/h) 
Standard deviation of 
travel time (s) 
a North to 
south 
Before 1,115 363.4 11.0 144.1 
After 1,115 152.0 26.4 17.5 
b North to 
south 
Before 1,820 462 14.2 36.1 
After 1,820 452 14.5 27.3 
North to 
west 
Before 1,800 591 11.0 61.1 
After 1,800 537 12.1 47.9 
c North to 
south 
Before 1,000 203.0 17.7 25.9 
After 1,000 200.0 18.0 25.3 
d North to 
south 
Before 2,555 389.2 23.6 23.4 
After 2,555 381.6 24.1 22.6 
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3.6. Route choice behavior analysis using micro-simulation results 
The change of route selectivity according to the trial and error learning model was estimated for the following 
cases in which the degree of reduction of average travel time and the standard deviation for each route with respect 
to each road project was configured based on the micro-simulation results. 
 
Table 5  Input data for trial and error learning model simulation 
 Input data for model simulation 
Case1 Average travel time is shortened 3.5 minutes and standard deviation is shortened 2.1 minutes by grade separation of Haccho 
intersection on route 5, which heads south to Haccho intersection.  
Case2 Average travel time is shortened 0.1 minutes by improvement of Miyashita intersection on route 3, which heads south to 
Miyashita intersection. 
Case3 Average travel time is shortened 0.1 minutes by widening of Toyokawa bridge on routes 1, 2, 5 and 6, which head south to 
Miyashita intersection. 
Case4 Average travel time is shortened 0.2 minutes and standard deviation is shortened 0.1 minutes by grade separation of Kyotsugu-
nishi intersection, on routes 1, 3, 4 and 6, which head south to Kyotsugu-nishi intersection. On route 2, which turns to west at 
Kyotsugu-nishi intersection, average travel time is shortened 0.9 minutes and standard deviation is shortened 0.2 minutes.  
 
Table 6  Average travel time and standard deviation 
 Route 1 Route 2 Route 3 Route 4 Route 5 Route 6 
Current 
Condition 
Average (min) 127.4 132.7 152.2 132.8 139.3 101.8 
SD (min) 7.6 8.8 11.6 7.7 8.0 7.2 
Toll (Yen) 160 0 0 0 0 1,250 
Case1 Average (min) 127.4 132.7 152.2 132.8 137.3 101.8 
SD (min) 7.6 8.8 11.6 7.7 6.0 7.2 
Toll (Yen) 160 0 0 0 0 1,250 
Case2 Average (min) 127.4 132.7 152.1 132.8 139.3 101.8 
SD (min) 7.6 8.8 11.6 7.7 8.0 7.2 
Toll (Yen) 160 0 0 0 0 1,250 
Case3 Average (min) 127.3 132.6 152.2 132.8 139.1 101.7 
SD (min) 7.6 8.8 11.6 7.7 8.0 7.2 
Toll (Yen) 160 0 0 0 0 1,250 
Case4 Average (min) 127.2 131.8 152.0 132.6 139.3 101.8 
SD (min) 7.5 8.6 11.5 7.6 8.0 7.2 
Toll (Yen) 160 0 0 0 0 1,250 
 
The results of the model estimations were that the average travel time and the standard deviation of Route 5 in 
Case 1 (grade separation of Haccho intersection) decrease, resulting in a significant increase in route selectivity. 
Also, while the selectivity of Route 2 decreases significantly, the selectivity of Route 4 and Route5 increase. The 
results for Case 2 (improvement of Miyashita intersection) and Case 3 (widening of the road at Toyokawa Bridge 
to four lanes) were that there is no change in the route selectivity. In Case 4 (grade separation of Kyotsugu-nishi 
intersection), the result was that the share of the routes changed slightly with the route selectivity of Route 2 
increasing and that for Route 4 decreasing. The route selectivity of Route 1 also increased. 
A method to analyze the impact of the actual road improvements on route choice with respect to the trial and 
error learning model was investigated. It was shown to be possible to predict the route changes of freight vehicles 
according to changes in travel time and changes in the scattering of travel time due to actual road improvements by 
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means of a micro-simulation. Furthermore, there was shown to be a certain degree of impact on route choice even 
when the change of travel time or scattering in the travel time due to road improvements was only around one 
minute. In addition, it indicates that change of the variation in travel time is highly influential on route selectivity. 
 
 
Fig. 8. Results of trial and error learning model simulation 
 
 
Fig. 9. Example of the transition of route selectivity (Haccho intersection) 
4. Conclusion 
This research showed analysis concerning the impact of actual road projects to be possible by using the micro-
simulation package VISSIM to estimate the change in the average travel time and the standard deviation of the 
travel time due to the road projects. In addition, it was possible to understand how route selectivity varies and the 
way in which the selectivity finally converges according to the change in the average travel time and the standard 
deviation of travel time due to the road projects by observing the transition in route selectivity. 
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 In contrast to one route being selected for identical start and finish points of a given identical time in a normal 
route choice model, a characteristic of this research is the result of multiple routes being selected according to the 
conditions. This is consistent with the condition whereby logistics companies operate along multiple routes with 
respect to identical origin and destination of a given identical time. In reality, the logistics companies do not 
necessarily select the shortest route or the lowest cost route including time costs and road tolls. Instead, although 
the choice of the lowest cost route is recognized to be high in selectivity, the situation is that other routes that are 
obviously higher in cost are sometimes selected depending on the circumstances. This is presumably because the 
lowest cost alone is not necessarily the condition by which a route is selected. A characteristic of running a freight 
vehicle is that the aim is not for it to arrive as quickly as possible, but rather for it to arrive ahead of a set time, and 
to achieve this, a route other than the lowest cost route may be chosen. This phenomenon indicates that, depending 
on circumstances, freight traffic volumes may be overestimated for a road belonging to a route choice considered 
to be the lowest cost. In practice, there are conditions whereby the estimated traffic volume of freight vehicles in 
the traffic volume distributions implemented in practical business and the freight vehicle traffic volumes actually 
measured, diverge. 
As explained in the prior section, if traffic estimation of freight vehicle traffic is estimated with the same 
techniques as passenger traffic, it differs from actual freight traffic in many cases. Using this model, it is possible 
to more appropriately perform an evaluation of effects relating to freight vehicle traffic volumes, such as roadside 
environment improvements and benefits due to road improvements by predicting the choice conditions for multiple 
routes in conformance with the actual conditions of freight vehicle transportation. In the case of evaluating the 
impact on the roadside environment and global environment in particular, the emission factors for NOX, PM and 
CO2 etc of the freight vehicle are extremely large in comparison to passenger vehicles, meaning that it is essential 
to evaluate the route choice behavior of freight vehicle traffic appropriately. In addition, the existence of route 
choice models expressing the behavior of logistics companies is also important in the case of considering measures 
for issues such as the roadside environment, on which the impact of freight vehicles is extremely large, in order to 
arrive at the best outcome for all parties including road administrators, logistics companies and the population in 
the vicinity. 
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